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SUNtMARY 


Wox'k under this contrnct wns conducted to Turthor our undorstundine; 
of the chemistry of the ntmospheres of Mnrs nnd Venus, Investigations in 
four different areas have been carried out. These investigations, nnd 
the results obtained, are sununnrissed bi*iefly bolo'v. 

0 CO photodisseciation quantum yields wore determined in the 

A 

1300-1500 ^ spectral region by measuring both CO nnd oxygon 

atoms. Contrax'y to earlier studios, which wo now believe wci'o 

affected by hetorogonoous processes, the photodissociation yields 

o 

appear to bo unity at wavelengths below 1500 A. 
r 

• The 0("S) quantum yield was detorralnod for CO^ photodissociation 

in the 1060-1175 X spectral region. The measurement resolves 

the differences between two earlier experiments, nnd demonstrates 

that the 0(^S) yield is unity throughout most of the measured 

o 

region. An anomaly wns discovered at 1089 A, the location of a 
strong Rydberg transition, where the oxygen atom is produced in 
the state. 

• The pathways for the quenching of 0(^S) by NO, CO , HO, and 

NO were investigated. Distinction wns made between deactivation 
1 3 

to 0{ D), to 0( P), and I'oaction. The only cleni*-cut case of 

reaction wns with HO; the other quenchers gave various mixtures 
1 3 . 

of 0( D) nnd 0( P), This experiment demonstrates for the first 

1 1 
time that 0( S) reactions differ markedly finsm 0( D) reaction not 

only in terms of quenching rate coefficients, but also in terms 

of the pi’oducts formed, 

• The source of the Venus nightglov; detected by Venera 9 nnd 10, 

was investigated, We followed the obsei’vations of Lawrence et al,, 
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who fouiut thiit' ii wi(l» otUlotl CO iimducotJ t:ho 

I “ ^ ^ 

t?ml88ion (tlio <■' “• ^ t;r«ii«l ( Ion) , Wo \wiv nblo not 

only to dupllonto tholn ivjniVt!?, hut iibn> to .show that o.sygon 

Htom iveomhination Is tho O.fc'S: ') sourot?, that CO. l.v not an 

•' . a u a . 

>' ] 
ossontlal liiKTodiont (N„ ta as offoctiw') » and that 0 (o S ) 

d y a VI V -0 

Is quonoliod poimavily hy 0('p) in our ayntoliu Wo hollovo that: 
tho dlfforonoo in tho 0^ tvoombin.-vtion apootra In tho torrostrlal 
and Vonuslau atmoaphoros la moroly a oonaoquovu’O of ttio vtifforv'noo 
fwl l0( P)1 at tho altltudo of oiiilaaion. Wo tvavo also found 
wliat ap|>oai'a to ho a now 0 hand syatoia, alttiouKh tho Idontlty of 
tho tranaltlon la not yot ovivtont. 


UACKGIKH'Nn 


PhotodlsMooiHtlou of CO,^ is ji prliiitii'y prooi'MW in tho nlmosphcros of 

Murs «nd unil » mn.lor jpinl of tiu’ rosouroh w«s to ^otllo s-xviio of 

tho iimbtKultio.s oxistinjt In tho litorsituvo on lhl« subjoot, Tho Ismuo of 

n photodlijijociiition ipitmtum ylold tluit vswl.od with wiu'olonjyth, In tho 

WiiVolonpth voRlon bolow 1G70 )t, hsiP omisod oonoovn for tho Xfist sovoimI 

yo»vs. Wo hml conlrilnitod to thoso ob«or\uit Ions' by oonflrmlip? tuul 

a 3 

o.xpniutintr two osrlior studios ’ by othor InvostlKi'tovs. Howovor, thoro 
wore onouftli contrndlotovy monsvivoiHonts to midto us boliovo thnt furthor 
ix?solutlon of tho pixibUMu wss noodod, so wo hnvo oonduotod nu udditlouiil 
study in \vhlch» for tho first tlmo, both CO nnd oxygon ntoms woro wonsurod, 
in 1*0 »1 timo. 

In tho hi^li nbsorptlon oiMss-sootlon spootrnl roRlon bolow 1200 
CO,^ photodissoclntion oml losd to 0(^S) pixiduotlon, smd honoo Is nn 

iinportnnt sourco of tho 2072 S 's -♦ omission lino in tho Mnrlnor spoctrs 

•1 f) 6 

of Mnra. IVrovious wxirtt, by lisiwronoo and by Koynno ot; al., had indl- 

ontod hl^h 0('s) yields at llOO-lldO X, but those studios produced markedly 

different results show and below this wavolouKth roKion, To resolve 

these discrepancies, and to ascertain the 0('s) yield from CO at 1067 X, 

1 

which is jjoeded for tho work on tho 0( S) pioduct cliannels, wx> investigated 

tho 1060-1175 X region. Our results agree W’ith parts of each of tho twx) 

previous studios, Howvvor, neither of those studies reported that at tho 

stixang absorption band at 1086 X, which is an intense kydborg transition, 

CO dissoctatoH via a CO t 0(^1) pathway; this is an abrupt change from 
^ 1 

the CO + 0( S) pathway found elsewhere. 

Uocause 0(^S>) is an Important, wotasta'ale apoeles in the atmosphoros 
of the CO planets# 'W attemptie.d to ascertain the products of its quenching 
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by TO , I f th*' lutiM'iU't lou \v\v\>,t fovuul lo Iv*', i\» rtiUlM lonut 

1 

of TO nml 0 s\vn»Ul ‘fh** labortUovy jiovuvo for Of w>»h fomut 

to bo tbo iat>a~iaOt\ }J t>hvMoly,‘il a of N t't \b tbo rourao of tho atvuty, 
wo «lao wo«a«t‘oa tbo o( \s) qvb'oohlutf jn'o<U»ola fts^w N O, H O, amt NO, \w 
aW oaaoa Off fovonttat Vaty bolwooa pbyaloal <\uoiU'UfnR' amt v'bomtoaf tvartfoa. 
'Vboao aw tbo ffrat aooU wouauvomouta for Of altboojyb by aow tbow ia 
an oxtouaivo Iftovatuvo on H\o roaotfona, aubaonuont to onr inUlat 

moaam'owonta of ton yoara a^o. 

'l1\o Vonua uitstUtjfow* obaoA'rat tona woa o nnoxpootoO In I ho aol'tnAOHv.v 
oowiunnfty, atno*» ft waa oonalitovxnt niflfhofy ttvat an 0 ayatoro \w\iW V>o ttu> 
only foatnw fn tho vfafbfo atn'OfA'at A'on'ton, naft fontarfy ono atmoat totally 


unknown fit fho faborato\'y» Mvo'oowr, tho Ivvtaaiana havt twloo uiiafvtonMffoit 

i) 

tho owtaaion, float oaUfnp: ft a TO ayatom,’ aiul thoiv tho 00 i'\>urth- 
1 tt > T 

Waftlvo banila. hawv\>noo ot atn*' fHontfffoH tho omtaafon aa tho 
A - jt * 

0«(o S yj ) ayatow amt woa'o ablo to n»'^Htuoo ft fn fho taboA'atovy. 

4 u tj 

Wo havo now oxlon4oil thla w\o'k amt t\avo obtafnoit fnfovmatfou on tho 

\ m 

0 to 15 ) pvoUnoffon mootianlam, anvt loaa olvannoV, On tho baafa v'f thoao 

•4 \\ 

tlaia, \vt< aA*o atOo to pwaoitt a \^oaafbto oxtOanatfoi\ fo\' ftio Ufffoi\nu*o fn 


ttio Og A'ooombfnatfon at'ooti'a v^baovvovt In ttu> Yoivuafaii a<nt tovroatA'iaf 
AtiacAaHhOA'oa, 


A 


11KSUI.TS 


Tlio work on CO photodlksoclntlon und on tho O('^S) pi'inUiot. ohimnols 
^ 12 

hH8 oithor boon pnbltsbod or Is nbout to bo pnbll8hod, In tho Jonrnol 
of ChcmicHl Physic a . Abstracts of those papers ai*o prosontod In tho 
AppondiXt Thusi only tho work on tho Vonus nlKht^low will bo dlsonssod 
here. 

Tho omission obsorvod from Vonora 9 ami 10 Is tho 0“\>^' proKix'sslon 

t) 

of tho 0 (c X) transition,' The spootra ax*o far olcai'or than had over 

boon soon In tho laboratory, tho only previous omission spectra having 

13 

boon reported by Dogch. Ho saw only two very weak bands, and 100 hours 

was I'oquired to I'ocoi'd them on film. This omission in the Vonus nlghtglow 

was unexpected, particularly booavise it appears to emanate in a region 

1 - 

whoro the CO^ pressure is 1 torr. Tho estimated 0„(c S ) radiative 
2 2 u 

lifetime is > 100 soc, a time equivalent to 8 x 10^ CO,j collisions. 
Lawronce et al.^^ wore able to pixiduco a clean 0,^(c-X) spectrum by 

A* 

discharging 0,31,li 0 in He, lollowed by addition of CO dowiisti'cam. They 

■2 d 

coneludod that the i^ole of CO was unique, and that, even though oxygci\ 

^ 1 “ 

atom recombination was assumed to be the source of the 0^(c. S ) oxcita- 

2 u 

tlou energy, tho CO acted in a '‘chemical** way, resulting in specific 

iw 

0„(c) pi'oduetion. To support this argument, they pointed out that oxygen 

atom i*ocomblnatiou in the terrestrial atmosphere, where the CO^^ co»\centra- 

3 15 

tion is ucgliglbltii wsults In production of tho st«to of 0,^, not 

i *• 

the c T state, 
u 

Wo have perfoi'ined experiments in a discharge flew apparatus in which 
it was possible to observe pvodnets in two different flow j'oglmes — in 
fast flo\s>, with dlscharge-to-viowing-region times of 8 ms, and in a 
slow flow, with an aging time of *'* 0.5 sec. Titration ports woits 


iiK'Qi'porniod In Iho syatom so thnt 0(‘P) ntoins oould V)o produced by mc'nns 

other tlwm 0,^ d'* ssoclntlon. The reiu'tion ooVl wns viewed by n hli;h speed 

10 

Irnnsmisslon RriUiuh imnije tube speel riHtvnph , ennblluit us to obtniu 

o 

eomplete speetrn In the dOOo-8000 A rollon In 80 seconds to ^ minutes. 

Absolute monsuromoivts o.l‘ OC^P) donsltlOvS were obtivined by NO,, litrntlon. 

~ 11 

Our results dll'Ior slipiirieantly from those of liHWivnce ct: nl. In 
sovornl ways. We find that it is not noceaaavy to have CO present in 

M 

order to see the 0 (e-X) transition. This transition is clear and strouK 

•j 

In the aftei'Klow of an He-0 discharge (20 torr He, 80 mtorr 0„), 

Addition of CO,, enhances tl\e emission somewhat, and makes the spectrum 
eloanci' by removinti; emissions from other sources, but the 0 (e-X) band 

M 

system is present at all limes. This observation is qvjlto surprising, 

since DcKon I'equired very lenjt exposures to obtain sufficient inlenai- 

tios for analysis, and I.awrence ot al. '^'^ were unable to obsorv'o any c-X 

bands withont CO,, addition. We, on the oHier Ivand, are able to obtain 

spectra (on film) with 80-seeond exposures, usini? the image tube instru- 

mont. A spectrum is presented iu Fig. I, which shows the 5000-8000 X 

* 

region. The backgraund continuum is ll»e emission that results fi*om 

the conversion of trace N impurities to NO iu the discharge, and sxibse- 

^ 3 

quont reaction of this NO with 0("P). The upper spectrum was obtained iu 
the absence of CO,,, whereas the lower spectrum was obtained with 7 torr 
CO, . Tlio most prominent feature iu t\\e upper spectrum is ttie 0 (b^S^^ -* 
.XV ~) baud at 7GI8 X, also generated by 0(‘p) vecombinatiou. 

The 0, (c-X) bands are prominent iu both sin’ctra, but the spectrum 
taken without CO,, shows additional features — the OH Meinel system, and 
three other bands, occurring at 300 ± 10 cm ^ to the long wavelength side 
of the three c-.X bands, Kvon after CO,, addition, traces of those three 

»4 

new bRiids romain, but the Q,,(b-X) baud and the OH Molnel bands arc 
eompletoly extingviished. Spectra taken of the <1500-5500 X region show a 
fourth unknown band, at 5212 -.fc 8 X. 
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Kj'qw tho vuriofcy or \v«yH l« whloh wo htivo lu' 0 » »b)o to j?oiu'rjito tht' 
now bmuls, it it? clour l:h»t th<>y boloui? to sm 0 ayfstom nml »ro rormiHl Viy 
atom I’ceombinatlott. No trunaltlons oi tlu> common impurilloa (CO, CN, t\^, 
CH, OH, NO) corrolMto with tbom. If rocoinblnntion la tho wocbniUam, then 
the a's , c S , nnd C L stntoa «vo tho only liUoly cmuUHiiitoa 1‘ov tho 
vipper atflto, nnd c S Cv;:0) ia oxoluHoU bocmiso tho vntlo ol' liitonsitios 
of tho now aystom to tho o~X 0~o’ ayntojn ia not coustHut, Tublo I ^tvoa 
the obaovvoil wnvolonKtha, nUmK with t\wi coucoivnblo iiutoutlfiont tons for 
tho system. 


Tnblo I 

liNtDKtmt’IKn HANUS 


Observed 

HandUoads 

A Z _ 

X s 

A S 

-♦ V) s 



n~ 


‘-'"ir 

g“" 

5312 

i: 3 X 

0-11 

5230 

0-3 

533<t X 

5(5tM 

;fc 3 X 

0-12 

5603 X 

0-3 

5633 it 

6055 

±3,i? 

0-13 

6035 X 

0-«t 

6085 K 

6573 

± 5 

0-1 <1 

6531 K 

0-5 

6603 ?? 


Although tho 0-12 mut povhnps 0~l I A-X bmuta look like gvnnl titoutt ftcut tons, 

the others do not, nnd »s tho bonds njjpour to liiwo n constiint in tonal ty 

i'litlo, it is likely thnt they luivo tho snmo upper atuto and vlbrntionnl 

level. The coustnut dtsplncomont from tho c-X bmuls suggests t)\st tho 

four now bands Imve a common upper Itn’ol at»d tho same lower level as their 

c-X neighbors. This implies a now 0 state, lyitig 300 cm ^ below the 
1 - 

c state, a hypothesis dif ficult to explain on theoretical groundvS. 

Mox’o expo rimon tat ton is it>quii‘od to identify the system, 

TlU! two spectra in Fig. 2 show tho 4100-*i600 region, taken in tho 

second order of the transmivSalon grating. It may be .seen that the c-X 

band.s are now partially rotationally resolved! the 0-7 band, the same one 
13 

analysed by Oogeu,' ' can be followed out to K 23. Again, in the absence 


B 





3 •)* 3 — 

of COg the c-X bands are clearly present, and the A 2^^ “X system is 
also observed, CO^ addition quenches the A-X system and also reduces the 
background NO continuum, 

£t 

A second way in which our results differ from those of Lawrence 
et al, is our finding that while CO does enhance the c-X emission, It is 

A 

not unique in this behavior. We find that has a similar effect, 

although it is less effective in decreasing other omissions, so that c-X 

11 


bands do not appear as isolated ns when CO is used, Lawrence ot al, 

£t 

have tried to explain what they considered the unique behavior of CO in 

3 ^ 

terms of a chemical effect between the recombining 0( P) atoms and the 

COg third body. We conclude that there is no such effect, and that the 

choice of a third body is arbitrary. From the spectra in Figs. 1 and 2, 

wo have obtained a measure of the effect of C0„ addition on the 0-6 and 

2 

0 I o"X band intensities, shown in Fig. 3. A doubling of the intensities 


is observed over the CO pressui'e range used, which is just the increase 

^ 3 

to be expected if the addition of CO merely speeds up the 0( P) recom- 

bination rate. This increase requires that CO be three times as effective 

3 17 18 

a third body as He [typical for several 0( P) recombination systems ’ ], 

. 1 

and that CO be a poor quencher foi* O (c y )» which follows from the 
2 2 u 

appearance of the 0 (c-X) systems at the CO pressures in the Venus 

atmosphere and in the laboratory. Note that at the CO pressure used in 

1 + ^ 19 

Fig. 1, the 0 (b 2 ) state is entirely quenched. As the rate coefficient 

^ ^ -13 3 -1 -1 

for this reaction is a moderate 4 x 10 cm molec sec , and this state 

is probably produced at a comparable rate to the 0 (c^2 ) state, the 

M u 


quenching of 0 (c^ ) by CO is clearly inefficient. 

VI A ^ 

A critical test to demonstrate that O (c 2. ) pi’oduction is a 

3 3 ^ _ 3 

recombination process [0( P) + 0( P) + M-* 0 (c^ ) + M] is to make 0( P) 

^ ^ 4 

in the absence of O . The classical way is to titrate the N( S) atoms 

3 

from a N discharge with NO, converting the N atoms to 0( P), Lawrence 

11 ^ 20 
et al. did not do this, os they believed they had evidence that N 

A 
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Oy(v' >, Oui'o wo |o\aI t<\wnvu Mud Mri^i in ivot tho o«yo, wv 
tMtmpM'U wtyko 0,^U' 51^^ ^ Uy M\o ntw>vo tUvuMuu ttu'hulmu', tnul wtu'o 
oimplotoly mu'ooMufut I Tlu‘ ?<i\\ho upovd vu«i wun ohmM'Votl, Mu'tv»»M\\K tho 
rouv Ua'w tu»mUA (ovou wlM* Ioim' N ). tl is oio.u' Ihtyi O('i') 

rl 

WH'ombimd ivui ijt iuwdvAui, <\nii iluyl M\t' \uu\tls vlo iu>t vv>nu' iMvosdly 1 miy 

lUnblAMil 0 . ’I'ho iUv'tiiiui N souvoo is lulvtinMytit'ouiri i\\ Muil It l» i'osniblo 

t 4 <r ^ 

to !uty| ,|u8i oliouisih NO tvA ooiivort siVi Mu> N( Si, wlHu'Ut i(uy oxyoss. 


whloU svlUnlutAUs tiyo iMxUyVom 'd‘ Mm NO,^ tuu'ks''"'nuV t'ouyul it\ Mu' 0 

»!S 

spool v*«, Oil tlio vdhov hiuut, NOi|i) tuuiOs iiuyy tipp-uu' U* mlxMis t« poov, 

\ 

lii AU\tov' iv' vuutoootmut lUo 0 .,lo i! i io,s» pvootum In ou*> syslow, 

y y> ’ ' 

wonsmxMKOiUs lu»vo boon mtiSo \vn Mm itoviomlouv't- vd’ M\o o tv'^Xi IntousU los 
on Myt‘ 0(' Pi oouoout oni t\ui. Wo Wovo xSdslnoyl Mm i*!'! tM lonstylp \yofwoon 
tivo 0 io««si tnloust t tos tmS MU' luu'loO'ouiui NO oout lmmm Iniousli M's, ns 

rt ir 

simwu lii IMh'i ’l. I’Po Sopou»U'iioo l\u' onoh oi tt»o t'ouA' PunSs tw v'ltuu'iy 

UViuvVruHo} Mmt Vs, ttu' OK>utVmmm lutousHy ts in\ypou( lotuM to t|yo mpmvo 

of tho 0 “>; MMoyysity, VI Vs to Vm >-\poo(ov\, tout oy»r vosutts ?u> MuMonto, 

Mint M\o ooiUlmuiuy Vuit'UsUy Vs uVso lO'opovHouttl tv> Myo sypuyuo ot Myo 

Ol' I') yloymVty, I'tyVs is Vyoouusy' M\o Ol' Pi tvM'Wntiou y'uto V|y Myo iMsv'lyuvso 

Vs pymsvyiniyVyVy pyx'poi't loyynl vo Mvo’y'iytt' ol tivo yx'aol Mmv uynktuyi; NO, so Mml 

yt>HyVylliyyi Mvo Oc' Pi pyxslyiol top vnto puUyty'yp'Vo.s Myy> NO,^ pyAulyyot toyy y'lytt'. 

*^'Ji P 

WiMy tko Oyyp 1 1 yyyyypyy tutoUsViy py\ypyyy't Voyyjyi ivy iyU't'il » tuut yyVso ty' 
tVvo sypyuio of Mvo lut»*m>lty, Mvoly It fvyHows Myut M\t' v'«X Mytouslty 
Vs p\xypoi't|y'yiV(\V tvy Myo lllst pvywoi' v'l iov'pil, 'i'Uts MyyUy'yitos Muyt Myo 
pv'IWiU'y Vyyss yyyov'ty<yyy Viun yd' 0,^1 o i iu vauv' uystoyyy Is v>yO(' t'i yviU'VU'ivliyK 

to yvoouv'tyluii Is u V«'ss Ukoly posslPlillyi, sipy'o Mvo py'Ovlyu'ltyyu v'yyto 

’ P S 

t vov'vMyyVylUidlvyui ts iyyv>vyo«‘t touiyl |yy lot'pii , ymil Mvo slosuty stsylo t>„to-X) 

ro 

lyylouslly Vs pwpoy'iloyvnV to tiyyxvvtyyotloyvi ( Vossi, A oovvft y'ynyyt |ou of Mvia 

oopoUvsIyyiv y'omos fvxuyy spoy'ti'U tyvkow tit vUlfov'oul yMsot\td'ii» \vowoi' tyy\'ois 

I yyiut ttyyys ylVrioyvvvt ot't'i ytousU Vos], wtviv'iv sVyow Mvivt Mvo oVoiyv'yyst 0 tO '\i 

P ^ 

spoot V'yy yviv thyvso t svky'VV ivt yivlulviviuyv (vVt'Pilv yioyyyyMVSlV'yvt Iwn tlyvyt Mvo o ly'«Xi 
P 

ytoivovutyyyvy'y? y'U OC Pi try of ty iovo'V' yvv'yloy' thuu tlypt v»f ttvy> oMvov' A’yyvlssloyvs, 
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Fi(?uro 4 O (c S -X j] ) 0-6, 0-7, 0-10, jind 0-11 bond 
2 u g 

emission intensities ns a function of 
(NOy continuum intensity)-, resulting from 
varying dischurgo microwave power. 


1 o 



ai 

In tlu> 0 (A-S) systom, ou tUp atUor htmd. tUo intousity is pvo|>i>rttou«l 
S ** S 3 

to fO('P)!l , »n imUpation that Q('P) qnoneUlUK t» not tt^p majov loss of 

a + 

0 (A S )• Wo also ,riu(t this to ho tvno fov tho now baiul systoin. 
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CONCLUSIONS 


1 “ 3 

Oui* conclusions concornlng the source of 0 (c L ) in on 0(* P) 

M \\ 

afterglow system can bo summarised ns follows: 

(1) 0 <c^ ) Is Konorntod by 0(^P) recombination, and Its 

2 

omissions enn bo soon iu imy system where the rocomblnatlcn 
rate is siifiiclontly hlRh; with our detection syotem the 
combination of [0(‘p>] 3 mtorr and P 2 ; 15 tovr is sufficient, 

(2) The identity of the third body is not very important, but the 
use of CO^ results In a clean spectrum, 

(3) It appears that CO^ and N^ ni*o very ineffective quenchers of 

0 (c^S ) • and that quenching In our system is controlled 

2 VI v«0 

by 0(^P>, 

It is now difficult to imderstnnd why the 0 (c-N) system had not 
been studied and chnrnctoriy.cd decade.; ago. Vo have pmduced it in a 

3 

fast-flow system, iu a slow-Xlow system, from 0( P) atoms, from titrated 
N atoms, in an Ho buffer. In an Ar buffer, and in pure N^, It Is, in 
fact, easier to produce than the well-known 0,j(A-X) system. 

The visible region also contains what appears to be a new band 
system, probably in 0^, although wc have not yet been able to specify 
the transition. 

The total absouco of the 0,j(c-X) omission in the terrestrial 
airglow, and its presence in the Vonus atmosphere can bo explained by 

the difference in pressures. In the respective omitting rc^rions, the 

3 22 23 11 3 

0('P) densities aiv similar, on the order of 10 atoms/ cm . However, 

the total prossui*e in the Venus atmosphere is 1 torr C0_^, whereas in 

the earth's atmosphere il Is close to 1 mtorr, mainly N . Thus, the 
3 2 

ratio [m] is i>' Ike terrestrial atmosphere at the emission 

peak (UU) km), and'’*' lo' In the Venus atmosphere. 


1.5 



The lU f foi’ences in the hw sy sterna enn most likely he expltilued on 

the Unsla of lahorntory ohaovvatlona. In ivt<nu recomhtuntion, « inoleeulo 

is atehiliwed Uy removal of sumll inerementa of I'uerny hy « third body. 

Thus, molecules in hlRh vihrational levels are initially formetl. 'I1»ls 

is nhvindsntly clear in the atmospheric spectra of the 0„(A-,\) emlsslonf 

1 

\vho»*o only hlph vihrational levels are detected, ' and also in the 

a<i 

laboratory spectra, whore even at pressures of ~ 10 lorr 0_ or N, , 

*l d 

hiRh levels still predominate. On the other hand, both in the Venus 

atiaosphere and in the laboratory, only v'aO levels of the 0 (c*^ ) state 

an 

aro seen. Since the state is initially formed in blKh vibrational 

levels, vibrational relaxation mvjst bo very rapid. However, in the 

earth’s almosphei’o, the N pressure is quite low, and in any case, 

1 - ~ 

may not be a very itood vibrational deactivator for 0 (c S ), compared 

^ J u 

to CO„, Fur thermo 1 * 0 , the !m|,| 0('P)^ ratio Is relatively low, so that 
I ~ II 

il^ E J is rapidly quenched by 0(‘p), as our results Indicate, it 

J u ^ 

is likely that 0(' P) queuehiuK predominates over N vibrcvt lonal relaxa- 

tion. Thus, one cannot see emission from ^ l» -lOlMMlSOO X 

t'ORlon in the terrestrial atmosphere (as In the Venus atmosphere) 

because the nK>leculo has little chance of s'ettlnp: down to (>. Kmlsslon 

fwai higher vibrational levels which occurs In the dOQO-dOOO X rettlon, As 

not pi'evonted, but then It is intermini^led wlttv tbo (\^(A-X) emission. 

On the other hand, in the Venus atmosphere, with a much hitjlier 

■Ml [0(‘p)l ratio, vibrational relaxation of 0, fc r. ) is faster than 
3 d u 

0('p) quenching; (the CO^ pressure is within an onler of magnitude of 

that In our laboratory measurements), so that the uwlecules are driven 

down to v'-O, Fvirthermore, lljj. 3 indicates that 0 .^(A'v ) is quenched 

a u 

by CO , although no systematic measurements on this point exist; thus, 
it is to be expected that 0^,(A-X) emission will not be observed o.i Venus. 

We feel that the diffoi'ont [m) |0('p)]ratto in the tww atmospheres 
is the predominant i-eason for the dlffej'onee in the vecv>mbination 
emissions. Detailed kinetics measurements an' still needed to prove 
our arguments. 

If) 
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CO PHOTODISSOCIATION, 1060-1175 X 

A 


T. G. Slanger, R. L. Shorploss, and G. Black 
Molecular Physics Laboratory 
SRI International, Menlo Park, CA 94025 


ABSTRACT 

The relative 0( S) quantum yield from CO photolysis between 1060 X 

A 

and 1175 S has been measured, to sort out the discrepancies between two 

pi ior publications on the subject. ^Vhereas the yield is near unity over 

a considerable portion of the spectral region, there is an abrupt dip to 

0 I g 0,15, centered at 1089 As this wavelength is also the 
0(^S) 

location of a very strong Rydberg transition in CO , it appears that the 

a 

low quantum yield is associated with excitation of the upper level of 
this transition, the state. The 0(^D) yield at this wavelength was 
found to have a minimum value of 0.65 ± 0,1, In conjuction with the 
lack of any observable fluorescence it is concluded that dissociation 
on the 0( S) + CO and 0( D) + CO surfaces probably accounts for all the 
input energy. 


2 


(To bo published in J. Chom, Phys, Fob, 1, 1978) 


0(^S) 


IN1T3RACTIONS— 'niK PJWDUCT CHANNELS 


T. G, Slnngov ond G. Vllnck 
Moloc'ulnv Physics Lnborntory 
SHI Iiiioriuitionsl , Menlo PnrU, CA 94025 


AnSTHACT 

The first iiionsui’omonts nro reported of the ronction pnthways for 

1 

the Intornction botwoon oxygon ato;aa in the 4.19 eV S state, and four 

molecules, N^O, CO , 11,^0, and NO. Distinction is made between throe 
“ 1 

possible paths— quenching to 0( D), quenching to 0(‘p), and chomical 
ronction, V.'ith N^O, the most reasonable interpretation of the data 
indicates that there is no reaction, in sharp contrast with the inter- 
action between 0(^D) and N^O, which pi*ocoeds entij'ely by reaction, 
similarly, there is no x-eaction with CO^. With H^^O, tho a'oactlve path- 
way is tho dominant one, although electronic quenching is not negligible. 
With NO, 0(^D) is tho preferred pi-oduct. 


S 



(To bo piibllshc'd in J. Cbom. Phys. Fob. If), 1078) 


CO RIOTOLYSIS REVISITED 

T. G. Slanger and G, Black 
Molecular Physics Laboratory 
SRI International, Menlo Park, CA 


94025 


ABSTRACT 


Measurements have been made of the absolute oxygen atom yields from 
CO photolysis at 1470 % and 1302-06 J?; in both cases the yield is unity. 
The CO generation rates have also been measured in these two wavelength 
regions, and they are proportional to the oxygen atom generation rates; 
by implication, the CO quantum yields are thus also unity. The CO 
deficiencies observed in earlier work on this subject are probably 
caused by heterogeneous processes. 


